The aim of this study was to characterize an in vitro modulating 
Introduction
The epithelial surface of the small intestine is separated from the intestinal lumen by a single epithelial cell layer constantly migrating along the crypt/villus axis within 3-5 day cycle from the proliferative undifferentiated crypt cells to the fully differentiated polarized columnar enterocytes with apical and basolateral membrane domains. The enterocytes are the most abundant cell type which together with Paneth and goblet cells contribute to mucosal defense and maintenance of barrier integrity (Ismail and Hooper 2005) . Intestinal epithelial cells (IEC) provide their own control of proliferation and differentiation of cell functions. Presence of non-differentiated stem cell precursors permits epithelial self-renewal. The actin cytoskeleton plays the major role in cell migration, cell-to-cell adhesion and also in cell proliferation and differentiation (Heath 1996) . IEC exist as adherent cells attached to a basement membrane consisting of various extracellular matrix proteins (ECM). The molecular conformation of ECM, such as laminin and collagen, modulate the epithelial cell phenotype (Kedinger 1994) . Incubation in vitro of nonmalignant IEC on Vol. 67 ECM-Matrigel induces changes in IEC phenotype toward full differentiation, such as expression of digestive brushborder enzymes (Sanderson et al. 1996 , Kolinska et al. 2008 ) and regulation of IEC polarity (Jalal et al. 1992) . The short life cycle of enterocytes is terminated by physiological apoptosis/shedding after their gradual detachment from ECM proteins.
The IEC monolayer serving as the interface between the host and environment is constantly exposed to bacterial content in the gut lumen. IEC possess receptors for molecules derived from bacterial cell wall. Toll-like transmembrane receptors (TLR) are a key group of pattern recognition receptors; DNA transcription generates their mRNAs that carry the information for protein synthesis. TLR-2 and TLR-4 mRNAs had been detected in human colon cancer cell lines T84 and HT-29 but proteins were weakly detectable . However, surface protein expression of TLR-2 of 85 kDa and TLR-4 of 92 kDa was visualized on T84 cells (Cario et al. 2000) . Synthesis and insertion of transmembrane receptors to plasma membrane operate according to hypothesis of Blobel et al. (1979) ; the integral protein destined for the plasma membrane is synthesized on polyribosomes and its signal peptide enables attachment to rough endoplasmic reticulum (ER) and travel from ER to the site of complex glycosylation through the Golgi and trans-Golgi network, the protein then fuses with plasma membrane. Demonstration that TLR-2 and TLR-4 exist on normal human IEC helped explain the capacity of human enterocytes as non-classical immune cells to function as active participants in immune response and physical barrier to bacterial substances (Fusunyan et al. 2001) . The second major group of pattern recognition receptors is a nucleotide-binding domain (NOD) family, a group of cytoplasmic proteins that does not contain a transmembrane domain, does not act as membrane receptor (Barnich et al. 2005) and does not contain a signal peptide. The authors assumed that NOD2 interacts with the inner side of the plasma membrane necessary for NOD2 to recognize its bacterial ligand muramyl dipeptide and to activate nuclear factor kappa B (NF-κB).
Probiotics are living, non-pathogenic microorganisms that colonize the intestine and provide benefit to the host. In this study, we have tested the effect of three probiotic Lactobacillus strains L. rhamnosus LOCK0900, L. rhamnosus LOCK0908 and L. casei LOCK0919 isolated from human fecal samples and known for their anti-allergic ability (Cukrowska et al. 2010 . We have used a model of non-transformed undifferentiated small intestinal cell line IEC-18 derived from the rat ileum that undergoes differentiation during cultivation on ECM similarly as IEC-6 line (Kolinska et al. 2008) . We intended to characterize the modulating effect of probiotic bacteria on immunological and morphological functions during differentiation. Activation of TLRs by commensal bacteria is essential in maintaining intestinal epithelial homeostasis (Michelsen and Arditi 2007) . Thus, gene expression of TLR-2, TLR-4 and internal NOD2 receptor activation at mRNA level have been evaluated. Next we followed MyD88, an adaptor functional molecule critical for TLRs-mediated signaling and transcription of chemokine IL-8. Expected modulation of TLR protein glycosylation by commensal bacteria have been correlated with the degree of cell differentiation. Furthermore, we focused on the effect of Lactobacillus strains on gene expression of inflammatory cytokines, interleukin IL-18 and IL-1β, sharing a common maturation mechanism that requires intracellular enzyme caspase-1. Previously, we have shown a correlation between constitutive expression of IL-18 and caspase-1 proteins (Kolinska et al. 2008) . Leaderless proteins IL-1β and IL-18 are actively secreted by human monocytes and dendritic cells, respectively, via a pathway of secretion different from the classical ER-Golgi pathway. Instead, secretion operates at the level of both proteolytic processing and extracellular export and may be increased by stress conditions (Rubartelli et al. 1990 , Gardella et al. 1999 . In this study, we are also characterizing subcellular localization of cytoskeleton binding proteins villin and β-catenin in course of IEC differentiation and effect of lactobacilli.
Materials and Methods

Bacterial strains
L. rhamnosus LOCK0900 (L900) (AleksandrzakPiekarczyk et al. 2013) , L. rhamnosus LOCK0908 (L908) (Koryszewska-Baginska et al. 2014) and L. casei LOCK0919 (L919) were obtained from the Pure Culture Collection of the Technical University of Lodz, Poland (LOCK). Overnight cultures in MRS broth (Oxoid, Basingstoke, UK) were centrifuged, washed in sterile phosphatebuffered saline (PBS) and concentration was adjusted to 10 9 CFU/ml. Single bacterial strains were inactivated with 1 % formaldehyde-PBS for 3 h at room temperature, washed twice with sterile PBS and stored at -20 °C. Each bacterial strain was applied to IEC-18 cells at 10 7 CFU/ml for 2 h either separately or in an equal-part mixture (Lac).
IEC-18 cultures
The non-transformed rat intestinal epithelial cell line IEC-18 derived from ileum was obtained from American Type Culture Collection (ATCC, CRL-1592, Manassas, VA, USA). The stock culture was grown in Dulbecco modified Eagle medium (DMEM) in 95 % air, 5 % CO 2 at 37 °C. The medium contained 40 µg gentamicin/ml, 2 mM glutamine, 50 ml fetal bovine serum (FBS)/l and 10 mg insulin/l (Kolinska et al. 2008) . Passages 15-27 were used in this study. For real-time PCR and Western blot the cells were plated at a density of 1.6 x 10 6 /cm 2 onto plastic plates (60 mm in diameter) coated with Matrigel (Engelbreth-Holm-Swarm sarcoma basement membrane, Sigma, St. Louis, MO, USA). For IL-18 bipolar secretion and cell accumulation assay (ELISA, Biosource Internat., Nivelles, Belgium) the cells were seeded on either non-coated or collagen coated 6.5 mm, 5 µm pore-size Costar Transwell filter inserts (Corning Corporation, Corning, NY, USA) in a two-compartment system. The cultivation medium contained a mixture of five nucleotide monophosphates (10 mg/l each) added on the second day after seeding. On day six the medium was changed to a medium with a lower amount of FBS (5 ml/l) for 24 h. On day seven formolized bacteria (10 7 CFU/ml) were added for 2 h before the harvest. Culture supernatants were collected and stored at -75 °C. Cells were harvested by gentle trypsinization with 0.25 % trypsin -0.3 % EDTA, washed with PBS and, after estimating the cell counts, pelleted at 10,000 g. The pellets were homogenized 1) in lysis buffer RLT for RNA isolation or 2) in lysis buffer for Western blot and ELISA (Vallee et al. 2004 ) containing protease inhibitor cocktail (Sigma) and 1 µM each of aprotinin, leupeptin and pepstatin. Cell lysates were centrifuged at 15,000 x g for 10 min at 4 °C and the supernatants stored at -75 °C after assaying their protein content.
Western blotting
Supernatants obtained after homogenization of cell pellets in lysis buffer of protein concentration 1.5 mg/ml were separated on the 5-20 % SDS-PAGE under reducing conditions. Separated proteins were transferred onto nitrocellulose membranes blocked with Tris-buffered saline with 0.1 % Tween 20 (TBS) (Golias et al. 2013) . Blocked membranes were incubated with a primary antibody (Ab) diluted in TBS containing 0.1 % defatted milk (Promil, Nový Bydžov, Czech Republic) for 1 h at room temperature. Primary Abs: goat anti-IL-18 diluted 1:5,000, goat anti-TLR-2 and goat anti-TLR-4, both diluted 1:500 (Santa Cruz Biotechnology, Santa Cruz, CA, USA); Control recombinant rat IL-18 protein (R&D Systems, Minneapolis, MN, USA); rabbit anti-caspase-1 (Cell Signaling Technology, Danvers, MA, USA) diluted 1:1,000. The membranes were incubated with peroxidase-conjugated secondary Ab: donkey anti-goat IgG, goat anti-rabbit IgG (Cell Signaling Technology) diluted 1:5,000 with TBS containing 1 % milk. Signal was detected using the West Femto Maximum Sensitivity Substrate kit (Pierce, Rockford, IL, USA) and exposed onto films (Santa Cruz Biotechnology).
RNA preparation and real-time PCR
Total RNA was isolated from IEC-18 cells using the RNeasy Plus Mini Kit (Qiagen, Santa Clarita, CA, USA) as described in the manufacturer's protocol. RNA concentration was quantified by ultraviolet spectrophotometry at 260 nm, and the purity and integrity were determined using a NanoDrop (Thermo Fisher Scientific, Wilmington, DE, USA). Real-time (RT)-PCR assays were performed to quantify steady-state mRNA levels of IL-8 (CXCL1), caspase-1 (Cas-1), IL-1β, IL-18, myeloid differentiation primary response gene 88 (MyD88), nucleotide oligomerization domain (NOD) 2, TLR-2, and TLR-4. cDNA was synthesized from 0.2 μg of total RNA. RT-PCR amplification was performed using Primer Express Software™ (Applied Biosystems, Foster City, CA, USA). Target probe was labeled with fluorescent reporter dye. PreDeveloped TaqMan primers and probes were used for the detection of IL-8, Cas-1, IL-1β, IL-18, MyD88, NOD2, TLR-2, and TLR-4. Reporter dye emission was detected by an automated sequence detector combined with ABI Prism 7700 Sequence Detection System® software (Applied Biosystems). RT-PCR quantification was then performed using TaqMan® 18S controls.
Immunofluorescence
The rat IEC-18 cells were plated on non-coated round coverslips (30 mm in diameter) in plastic plates with DMEM-based medium as reported previously. IEC-18 cells were either untreated or treated with L. casei Vol. 67 LOCK0919 (10 7 CFU/ml) for 2 h before the end of cultivation. After cultivation for 1, 3, 5 or 7 days, the cells were fixed with cold methanol (-25 °C) for a minimum of 1 h and washed three times with PBS. Non-specific binding of IgG was suppressed with 3 % BSA for 45 min. To increase the permeability of cell membranes, 0.1 % Triton X-100 was added before the overnight incubation with primary antibody (Ab) at 4 °C. 
Statistics
Statistical analysis of differences between groups of ELISA values was evaluated by one-way analysis of variance (ANOVA). The unpaired Student´s t-test was used for relative mRNA levels. Statistical analysis was performed using Graph Pad Prism 5.0 Software (GraphPad Software, Inc., San Diego, CA, USA). All numerical data expressed as mean ± SEM. P˂0.05 was considered to be significant.
Results
Bipolar IL-18 secretion by IEC-18 cells in response to apical lactobacilli mixture (L. rhamnosus LOCK0900, L. rhamnosus LOCK0908, L. casei LOCK0919)
For IL-18 measurements (ELISA), the IEC-18 cells were seeded either on non-coated or collagen-coated microporous transwell filter inserts in DMEM media in both upper (apical) and lower (basolateral) chambers. The cells were grown for 7 days to achieve their polarity. In collagen-free system (-collagen), the cells grew as less differentiated crypt-like small intestinal epithelial cells. More differentiated villus-like IEC-18 cells were observed on microporous insert coated with collagen (+collagen). The equal-part mixture (10 7 CFU/ml each) of three (Fig. 1A) . Intracellular content of IL-18 in IEC-18 cell layers increased after bacterial challenge, both without/with collagen presence (Fig. 1B) . 
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L. rhamnosus LOCK0900, L. rhamnosus LOCK0908 and L. casei LOCK0919 differentially influence mRNA production of TLR-2, TLR-4, NOD2 receptor and adaptor molecule MyD88 important for TLR signal pathways to activate NF-κB
Our results in Figure 2 showed strong induction of TLR-2 (P˂0.001) and NOD2 (P˂0.05) relative mRNA levels after cultivation of IEC-18 cells with L. rhamnosus LOCK0900. In contrast to L. rhamnosus LOCK0900 strain, gene expression of NOD2 was not affected by L. casei LOCK0919 treatment. However, significant up-regulation of TLR-2 (P˂0.05) and a mild insignificant stimulation of TLR-4 were observed after cultivation with L. casei LOCK0919 strain. Both probiotic L. rhamnosus LOCK0900 and L. casei LOCK0919 have in common an insignificantly increased expression of mRNA MyD88 functional molecule. No effect of L. rhamnosus LOCK0908 strain either on TLR-2, TLR-4 or NOD2, MyD88 relative mRNA levels was observed. Western blotting using relevant antibodies showed constitutively expressed TLR-2 and TLR-4 proteins in control group of 100-105 kDa, which is higher than those shown on human fetal primary small intestinal cell line 85 kDa for TLR-2 and of 92 kDa for TLR-4 (Fusunyan et al. 2001) . showed that cultured IEC-18 cells contain active mature caspase-1 (six protein bands between 37-53 kDa) in both control and that elevated by L. casei LOCK0919 (L919). Western blot showed three bands of IL-18 among 6-18 kDa correlated with the position of recombinant rat IL-18. Average mean ± SEM of three experiments are presented. *P˂0.05, L919 vs. control, **P˂0.01, L919 and L900 vs. control, ***P˂0.001, L900 vs. control.
Effect of L. casei LOCK0919, L. rhamnosus LOCK0900 and L. rhamnosus LOCK0908 on the expression of mRNA of the enzyme caspase-1, cytokines IL-1β, IL-18 and IL-8 in IEC-18 cells
Caspase-1 is a cysteine protease which cleaves inflammatory cytokines pro-IL-18 and pro-IL-1β into their active mature forms. Our results showed that caspase-1 and IL-18 mRNAs were significantly increased after cultivation of IEC-18 cells with L. casei LOCK0919 strain (Fig. 3A) . In contrast to L. casei LOCK0919, gene expression of caspase-1 was not significantly stimulated and gene expression of IL-18 was not affected after cultivation with L. rhamnosus LOCK0900 strain.
However, significant up-regulation of IL-1β mRNA and IL-8 mRNA appeared after cultivation with L. rhamnosus LOCK0900 strain. IL-8 mRNA is a transcription product of TLR-2 activation by bacteria. No effect of L. rhamnosus LOCK0908 strain on studied cytokines was observed. Western blotting (Fig. 3B ) using rabbit anticaspase-1 antibody showed six mature active caspase-1 protein forms between 37-53 kDa in control group and in the L. casei LOCK0919 treated IEC-18 cells. The three bands in the range of 6-18 kDa of IL-18 obtained after reaction with rabbit antibody to IL-18 may represent pro-IL-18 and also mature IL-18 protein forms correlated with the location of recombinant rat IL-18. 
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Immunofluorescent localization of proteins TLR-2, TLR-4, caspase-1 and IL-18 on IEC-18 cells: exposure to L. casei LOCK0919
Immunofluorescent staining was performed on IEC-18 cells cultivated for 7 days on glass in the absence of ECM to get a better view of independent effect of bacteria. After IEC-18 cells were exposed to L. casei LOCK0919, an increase of immunofluorescence of TLR-2, TLR-4, caspase-1 and IL-18 proteins was more pronounced in the cytoplasm of IEC-18 cells in comparison with control cytoplasm without bacteria (Fig. 4) .
L. casei LOCK0919 modulated villin and β-catenin expression in IEC-18 cells: immunofluorescence study
Villin is a tissue specific actin-binding protein expressed in microvilli in the brush borders of enterocytes. It participates in the assembly of the intestinal brush-border cytoskeleton and in the maintenance of brush-border architecture (Athman et al. 2002) . Our results presented in Figure 5 clearly showed the stimulating effect of Matrigel on the expression of villin in the IEC-18 cells cultivated for 5 days (Fig. 5B) . Villin is synthesized in small amount without Matrigel support (Fig. 5A) . To eliminate the effect of ECM in studies with probiotic bacteria, the IEC-18 cells were cultivated on plates without Matrigel. On cultivation for 3 days (Fig. 5C ) and 7 days (Fig. 5E ) the expression of villin in control culture did not substantially differ from that at Day 5 in even distribution in the cytoplasm. Cultivation of IEC-18 cells with L. casei LOCK0919 strain stimulated villin expression on Day 3 to form spherical structures thicken with villin ( Fig. 5D ) compared to control (Fig. 5C) ; cultivation with L. casei LOCK0919 for 7 days stimulated villin to concentrate in narrow lines that may represent membrane structures of IEC-18 cells (Fig. 5F ) compared to control (Fig. 5E) .
β-catenin is associated with adherens junctions (AJs) where it functions as a component of the cadherin complex that controls cell-cell adhesion by linking cadherin to the actin cytoskeleton (Nelson and Nusse 2004) . The rate of β-catenin expression and localization was increased in the course of differentiation from cytoplasm on Day 3 (Fig. 5G) into cell membrane on Day 7 (Fig. 5I) . L. casei LOCK0919 stimulated transfer of β-catenin to cell membrane of less differentiated cells on Day 3 to cell membrane (Fig. 5H ) and intensified expression of β-catenin in cell membrane in more differentiated cells on Day 7 (Fig. 5J) .
Discussion
This study was undertaken to examine whether the three probiotic Lactobacillus strains, known for anti-allergic response, can accelerate differentiation of non-transformed rat crypt-like small intestinal line IEC-18 and regulate its immune function including production of inflammatory cytokines. Nonmalignant IEC lines require for differentiation and return of cell polarization in vitro external basement membrane matrix or collagen gels supports to induce a spectrum of changes toward differentiation (Sanderson et al. 1996) . Epithelial cells detect microbes through the Toll-like receptors as transmembrane signal transducing receptors. We showed that individual Lactobacillus strains are recognized differently by TLR-2 and TLR-4 of IEC-18 cells and that this interaction plays crucial role in acceleration of intestinal cell differentiation from undifferentiated towards a more differentiated state. In this study, L. rhamnosus LOCK0908 was not modifying TLR-2 and TLR-4 mRNA expression in IEC-18 cells. Similarly, there is no interaction of L. rhamnosus LOCK0908 strain with HEK293 cells transfected with either TLR-2 or TLR-4, likely due to masking bioactive components for binding by its high level of surface exopolysaccharides . In contrast, L. rhamnosus LOCK0900 contain polysaccharides that in isolated form modulate immune response of L. plantarum WCFS1 by enhancing production of IL-10 and IL-12p70 of dendritic cells (Gorska et al. 2014) . L. rhamnosus LOCK0900 is recognized by TLR-2 inducing its mRNA expression after IEC detachment from ECM and, in addition, also by inducing internal cytosolic NOD2 receptor by up-regulating its transcription. Stimulation of NOD2 leads to the activation of transcription factor NF-κB (Martinon et al. 2004) . L. rhamnosus LOCK0900 strain does not signal through TLR-4, consistent with HEK293/TLR-4 cell system .
L. casei LOCK0919 is recognized by both TLR-2 and TLR-4, as shown by up-regulation of their mRNA and increased immunostaining of their proteins in the cytoplasm. Similarly, L. paracasei NCC2461 acts through both TLR-2 and TLR-4 in HEK293 cell system (Schabussova et al. 2012) . Our Western blot data show that the protein size of both TLR-2 and TLR-4 between 100-105 kDa after 7-day cultivation appeared to be partially glycosylated molecular forms with majority immunostaining in the cytoplasm of IEC-18 cells. Similarly, Ohnishi et al. (2003) Recent tests demonstrate that L. casei LOCK0919 is a dominant strain colonizing mouse intestine due to high adherence to enterocytes originating from an unusual plasmid-localized pilus gene cluster (Aleksandrzak-Piekarczyk et al. 2015) . This is highly similar to that of L. rhamnosus GG and different from those of L. rhamnosus LOCK0900 and L. rhamnosus LOCK0908 which do not encode such pilus gene cluster. The increased adhesion of L. casei LOCK0919 to enterocytes may enhance protection against pathogen adhesion. Our results indicate that in the course of differentiation of intestinal epithelial cells Lactobacillus strains can directly stimulate inflammatory activities of IEC-18 cells including production of inflammatory cytokines of IL-1 family, IL-1β and IL-18. These cytokines cause a variety of biological effects associated with infection and inflammation; experimental colitis in mice mimics human Crohn´s disease ).
Cytokine IL-1β is closely related to IL-18; both possess similar three dimensional structure and their precursor forms are inactive and remain intracellularly located until cleaved by cysteine protease caspase-1. However, there is a specific difference between IL-18 and IL-1β. Whereas IL-18 is constitutively expressed in epithelial cells of the entire gastrointestinal tract, gene expression of IL-1β in epithelial cells under normal conditions is absent (Dinarello et al. 2013) until stimulated by signals activating NF-κB. IL-18, its receptors IL-18Rα and IL-18Rβ and caspase-1 are constitutively expressed in rat IEC-6 line derived from the whole small intestine (Kolinska et al. 2008 ). Here we showed further that when activated at the apical surface of IEC-18 cells by a mixture of L. casei LOCK0919, L. rhamnosus LOCK0900 and L. rhamnosus LOCK0908 the bacterially induced promotor sequence of IL-18 is induced, as proposed for lipopolysaccharide (LPS) by Foss et al. (2001) .
Caspase-1 is constitutively activated within an inflammasome complex that includes intracellular receptors such as NLRP3, with structural similarity to NOD2 (Martinon et al. 2004 ) that activates conversion of pro-caspase-1 to active caspase-1 (Zaki et al. 2010) . In IEC-18 extract we detected constitutive isoforms of active caspase-1, such as those reported before (Yamin et al. 1996 , Feng et al. 2004 ) and stimulated by L. casei LOCK0919. Active caspase-1 is a prerequisite for obtaining biologically active mature and secreted IL-18 form. In this study, we showed that the polarized IEC-18 grown on collagen secreted IL-18 at both apical and basolateral poles depending on the state of differentiation. We speculate that in vivo at the basolateral side, IL-18 induces the production of chemokine IL-8 and facilitates inflammatory signaling through stimulation of IL-18Rβ (Kolinska et al. 2008) to induce IFN-γ and exert inflammatory properties. Conversely, at the apical pole and in the intestinal cells the secreted IL-18 mediates proliferation, protection and preservation of the intestinal barrier and restores healing of damaged cells during infection (Siegmund 2010) .
Our results also demonstrate that L. rhamnosus LOCK0900 increases transcription of caspase-1 and that both L. casei LOCK0919 and L. rhamnosus LOCK0900 strains stimulate gene expression of the signal adaptor molecule MyD88. MyD88 is a functional molecule to activate NF-κB critical for IL-18 and IL-1β signaling (Adachi et al. 1998 ) via their receptors, as well as TLRs/MyD88 dependent production of inflammatory cytokines in infections (Seki et al. 2002) . While IL-18 transcript is expressed as differentiation marker of IEC-18 cells cultivated on extracellular matrix and stimulated by L. casei LOCK0919, IL-1β is not present in non-transformed IEC-18 cells (Dinarello et al. 2013) .
It is known that IL-1β gene expression is rapid as an early induced event of inflammation. Experimental procedure involving detachment of IEC-18 cells from extracellular matrix is considered as a stress stimulus for IL-1β transcript production until 1 h after detachment (Waterhouse and Stadnyk 1999) . In addition to stimulation of IL-1β, we observed increased transcription
